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Abstract 
AlGaN/GaN shows great promise as a generic platform for (bio-)chemical sensing because of its robustness and 
intrinsic sensitivity to surface charge or dipoles. Here, we employ the two-dimensional electron gas (2DEG) formed 
at the interface of AlGaN/GaN layers grown on Si substrates for the ultra-sensitive detection of NOx. In the presence 
of humidity, the interaction of NOx with the naturally adsorbed water layer at the surface changes the surface polarity, 
thereby instantaneously affecting the 2DEG conductivity. We show that this concept can be used for ultra-low-power 
continuous air quality monitoring, at room temperature and humidity levels down to 10%. The extremely low current 
noise level in our structures enables the reproducible detection of variations in the NOx concentration of 1 ppb. 
Furthermore, we show that these devices can be functionalized with metalloporphyrins resulting in sensitivity to NO 
and NO2 concentrations below 50 ppb even in dry conditions. 
 
© 2011 Published by Elsevier Ltd. 
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1. Introduction 
Recent developments in the growth of epitaxial III-nitride layers on Si(111) substrates allow the large 
scale production of sensing devices that employ the highly mobile two-dimensional electron gas (2DEG) 
formed at the interface between AlGaN/GaN layers. The formation of the 2DEG is a result of the ionic 
bonds of III-nitrides which give rise to a macroscopic spontaneous polarization of the heterostructure. 
Changes in the polarization or charge distribution at the surface affect the charge density in the 2DEG 
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and, thus, its conductivity, enabling direct electrical readout for sensing applications [1–4].  
We first demonstrate this concept for the ultra-sensitive detection and monitoring of NO2 without 
additional functionalization layer. In the presence of humidity, the naturally present water layer on the 
AlGaN surface creates a positive surface charge, which strongly increases the conductivity of the 2DEG-
channel.  Upon gas exposure, the positive surface charge is neutralized by NO2, leading to a decrease of 
the charge carrier density (CCD) in the 2DEG. As a consequence, a tremendous decrease of the current 
through the 2DEG channel is observed.  
 
2. Results 
Figure 1 shows the response to 500 ppb NO2 in N2 at a humidity level of 84% RH. The device current 
decreases by a factor of 400 upon gas exposure, from a value of about 900 nA before exposure to about 2 
nA for the saturated response, corresponding to a full depletion of the 2DEG. As its absolute noise level is 
smaller than 20 pA, this results in a signal-to-noise ratio on the order of 105.  
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Fig. 1. Response of an AlGaN/GaN 2DEG-channel to 500 ppb NO2 in N2 at 84% RH. Inset: zoom in during gas exposure. 
 
The response dynamics depends strongly on humidity: both the response time and recovery time 
increase with decreasing humidity. Nevertheless, the response to short 500 ppb NO2 gas pulses can be 
easily distinguished at 40% RH in synthetic air due to the high signal-to-noise ratio and fast response time 
as shown in Figure 2. 
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Fig. 2. Response of an AlGaN/GaN 2DEG-channel to 5 s and 10 s pulses of 500 ppb NO2 in synthetic air at 40% RH.  
 
To determine the limit of detection and the resolution of the sensor, the NO2 concentration was 
reduced to the minimum attainable with the experimental setup of 60 ppb and increased in 1 ppb steps to 
70 ppb. We find that the structure can reproducibly resolve variations in the NO2 concentration of 1 ppb 
at a relative humidity of 38% corresponding to that of room air (Fig. 3). The large detection accuracy can 
be attributed to the extremely low noise level of these structures. Consequently, the sensor is able to 
detect the NO2 naturally present in ambient air (Fig. 3, inset). 
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Fig. 3. Response of an AlGaN/GaN 2DEG-channel to 60–70 ppb NO2 in N2 at 38% RH. Inset: response to NO2 in ambient air 
coming from synthetic air with the same humidity (38% RH). (smoothed data) 
 
3. Functionalization 
Furthermore, we show the use of surface functionalization with metalloporphyrins. These molecules 
are known to form a charge transfer complex with redox-active gases and may be used to induce 
selectivity to different gases. More specifically, we show that surface functionalization with Hemin 
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enables the ppb-level detection of NO and NO2 even in dry conditions (Fig. 4).  
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Fig. 4. Response of a Hemin-functionalized AlGaN/GaN 2DEG-channel to varying concentrations in the ppb-range of NO and NO2 
in N2 at 0% RH. 
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